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Abstract
Purpose
To evaluate differences in magnetic resonance imaging (MRI) appearance between infantile hemangiomas and rhabdomyosarcomas of the orbit in pediatric patients using diffusion-weighted imaging.
Methods
A multicenter retrospective review of MRIs of pediatric patients with infantile hemangiomas and rhabdomyosarcomas of the orbit was performed. MRI examinations from a total of 21 patients with infantile hemangiomas and 12 patients with rhabdomyosarcomas of the orbit were independently reviewed by two subspecialty board-certified neuroradiologists masked to the diagnosis. A freehand region of interest was placed in the mass to obtain the mean apparent diffusion coefficient (ADC) value of the mass as well as within the medulla to obtain a ratio of the ADC mass to the medulla. A t test was used to compare mean ADC and ADC ratios between the two groups. Receiver operating characteristic analysis was performed to determine ADC value and ADC ratio thresholds for differentiation of infantile hemangioma and rhabdomyosarcoma.
Results
There was a statistically significant difference in the mean ADC value of infantile hemangiomas compared to rhabdomyosarcomas (1527 × 10 −6 mm 2 /s vs 782 × 10 −6 mm 2 /s; P = 0.0001) and the ADC ratio of the lesion to the medulla (1.77 vs 0.92; P = 0.0001). An ADC threshold of <1159 × 10 −6 mm 2 /sec and an ADC ratio of <1.38 differentiated rhabdomyosarcoma from infantile hemangioma (sensitivity 100% and 100%; specificity 100% and 100%) with area under the curve of 1.0 and 1.0, respectively.
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Conclusions
In conjunction with conventional MRI sequences, ADC values obtained from diffusion-weighted MRI are useful to differentiate orbital infantile hemangiomas from rhabdomyosarcomas in pediatric patients. [5] [6] [7] Rhabdomyosarcomas are the most common soft tissue sarcoma in children, with peak incidence occurring in patients 0-4 years of age and the majority of malignant head-and-neck tumors in the orbit. 8 Conversely, infantile hemangiomas are the most common benign neoplasm in infancy, with the majority occurring in the first year of life. Infantile hemangioma and rhabdomyosarcoma may have similar appearance on the T2W and T1W+C MRI sequences, and age at presentation may overlap, resulting in clinical and radiological diagnostic uncertainty. A previous study reported suggested that diffusion-weighted imaging (DWI) could differentiate infantile hemangioma from rhabdomyosarcoma in the orbit among children; however, only 8 total patients with infantile hemangioma and rhabdomyosarcomas were included, only 4 had ADC images, and no ADC measurements were reported. 9 Because treatment is significantly M A N U S C R I P T
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different for infantile hemangiomas compared to rhabdomyosarcomas, it is necessary to confirm whether MRI can reliably differentiate these masses. The purpose of this research was to evaluate a larger group of pediatric patients with infantile hemangiomas and rhabdomyosarcomas of the orbit to determine whether ADC can reliably differentiate these lesions.
Subjects and Methods
With institutional board review approval, a multicenter retrospective study from December 2008
to January 2016 identified pediatric patients (defined as age <18 years) with infantile hemangiomas and rhabdomyosarcomas of the orbit. Rhabdomyosarcoma pathology was confirmed in all patients on biopsy by a board-certified pathologist. Infantile hemangiomas were months of age were generally followed every 1-3 weeks, whereas older patients are followed at longer intervals, depending on the rate of growth or stability. range 20-281 months; 50% female) were included. Five patients were excluded either because the ADC images were distorted by artifact or DWI was not performed. There was a statistically significant difference between the mean age of patients with orbital infantile hemangiomas versus rhabdomyosarcomas (7.3 ± 7.3 months vs 103 ± 91 months; P = 0.0001). There was a statistically significant difference between the mean diameter of orbital infantile hemangiomas versus rhabdomyosarcomas (2.5 ± 0.8 cm vs 3.6 ± 1.3 cm; P = 0.005). Rhabdomyosarcoma pathology subtypes consisted of 7 alveolar types, 3 embryonal types, and 2 that were not specified.
MRI appearance on T2W, T1W+C, and ADC sequences of the orbital infantile hemangiomas and rhabdomyosarcomas is seen in Table 1 . Representative examples are provided in Figures 1-4 . Qualitatively, infantile hemangiomas demonstrated T2W hyperintensity, homogeneous enhancement, presence of flow-voids, and ADC hyperintensity in 100%, 100%, 100%, and 100% compared to rhabdomyosarocomas, which were 58%, 58%, 25%, and 0%, respectively.
There was a statistically significant difference between the mean ADC of infantile 
Discussion
This multicenter study of a large group of pediatric patients demonstrates that ADC appearance and quantification can reliably differentiate orbital infantile hemangiomas and rhabdomyosarcomas. As did Lope and colleagues, 9 we demonstrate that rhabdomyosarcomas and infantile hemangiomas of the orbit may have similar T2W and T1W+C appearances. ADC values of orbital rhabdomyosarcomas were found to be significantly lower than infantile hemangiomas, which is similar to findings from previous reports of smaller numbers of patients with infantile hemangiomas and rhabdomyosarcomas. 5, 6, 10 Rhabdomyosarcomas demonstrated a mean ADC value of 782 × 10 −6 mm 2 /s, which is similar to 720 × 10 −6 mm 2 /s reported in a metaanalysis of 12 rhabdomyosarcomas of the orbit. 10 In conjunction with the conventional MRI sequences, ADC images appear to be helpful in differentiation of infantile hemangiomas and rhabdomyosarcomas, which can guide which patient should undergo biopsy and prevent delays in diagnosis.
We chose to evaluate rhabdomyosarcomas of the orbit because this is the most common location for rhabdomyosarcoma in the head and neck and most likely to result in diagnostic confusion with an infantile hemangioma. We chose to evaluate pediatric orbital infantile hemangiomas and rhabdomyosarcomas rather than all pediatric orbital lesions because the conventional MRI appearance often overlaps. Furthermore, inclusion of other pediatric orbital lesions, such as retinoblastoma or Langerhans cell histiocytosis was not justified, because those do not pose a diagnostic dilemma. Previous studies have attempted to aggregate benign and malignant orbital lesions, but this ignores the valuable input that T2W and T1W+C imaging and tumor location have on narrowing a differential diagnosis. 
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We acknowledge potential limitations to this study. Infantile hemangiomas were verified by clinical follow-up in conjunction with imaging appearance rather than by pathologic diagnosis. However, requirement of a biopsy to diagnose an infantile hemangioma is not the standard of clinical care and is reserved for a select number of patients. A selection bias may lead to some infantile hemangiomas undergoing MRI; however, in many children infantile hemangioma cannot be diagnosed by clinical assessment alone. Another limitation is that some patients with infantile hemangioma were excluded because of DWI artifact. Artifact from magnetic susceptibility effects related to the bone is a known limitation of DWI. Advancements in DWI technology through readout-segmented echo-planar imaging have been described resulting in less anatomic distortion, and future studies using these newer techniques may be valuable. 13 No patients with rhabdomyosarcomas were excluded because of DWI artifact, suggesting that most rhabdomyosarcomas are large enough at presentation to be adequately imaged with standard DWI technique. Lastly, due to the relatively small number of patients with rhabdomyosarcomas and 2 patients without pathologically specified categorization of subtype, subgroup analysis of pathology subtypes of rhabdomyosarcomas could not be performed. 
